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(57) ABSTRACT

A portable light or device or heat dissipater may comprise a
heat sink for having a light source or other heat generating
element thermally coupled thereto, and having a plurality of
walls extending from a side thereof for defining a cavity and
plural passages, a fluid mover in the cavity of the heat sink for
selectively causing a fluid to move through the cavity and the
plural passages, and a light source or other heat generating
element adjacent to and thermally coupled to the heat sink.
The heat dissipater may be connected to a housing in various
configurations.
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PORTABLE LIGHT HAVING A HEAT
DISSIPATER WITH AN INTEGRAL COOLING
DEVICE

This Application claims the benefit of U.S. Provisional
Patent Application No. 61/264,058 filed Nov. 24, 2009 and
entitled “PORTABLE LIGHT HAVING A HEAT DISSI-
PATER WITHAN INTEGRAL COOLING DEVICE” which
is hereby incorporated herein by reference in its entirety.

The present invention relates to a portable heat dissipater
and, in particular, to a portable heat dissipater including a
cooling device.

The light source for the next generation of professional use
flashlights and other portable lights will likely be light-emit-
ting diodes (LED’s) almost exclusively. Efficient operation of
these LED flashlights requires that the LED, the electronic
circuit which controls the operation of the LED, or both, be
relatively free from high temperature produced by excess
heat. Many of such lights will employ LEDs that produce high
light output and consequently also produce significant heat.
The presence of excessive heat could result in the failure of
the circuit and the failure of the LED light source due to their
being heated to an excessive temperature. Therefore, the
removal and/or dissipation of the heat that is generated by the
LED and/or by the electronic circuit which controls the LED
and/or by any other heat generating element is necessary for
the efficient and reliable operation of the flashlight.

For certain LED lights it is sufficient to thermally mount
the LED to a passive heat sink which conducts heat generated
by the LED away from the LED so as to be dissipated prima-
rily by convection, e.g., by exposure of all or part of the heat
sink to the atmosphere. To improve convection cooling, the
heat dissipater may have fins, posts or other features that
increase the surface area that the atmosphere is in contact
with.

Presently, LED’s and other heat generating elements in
flashlights generate heat which accumulates and circulates in
an area proximate to the LED or LED subassembly. The
presence of a heat sink is only effective to the extent that it is
large enough to draw heat away from the LED and to dissipate
a sufficient amount of that heat to maintain the LED tempera-
ture for efficient operation of the LED. This typically requires
direct exposure to an external atmosphere for enhancing the
dissipation or transfer of heat from the LED to the atmo-
sphere. Neither or these two solutions is seen to be practical
for a professional use flashlight where smallness of size and
coolness to touch are features that matter to a user, and where
long run times and high light output is required.

Streamlight, Inc. of Eagleville, Pa., has devised a number
of effective ways to manage the heat generated by an LED
employed as the light source in a flashlight. U.S. Patent Pub-
lication No. 2008-0018256 entitled “LED FLASHLIGHT
AND HEAT SINK ARRANGEMENT” describes a heat sink
arrangement which utilizes thermally conductive elements or
members to which the LED and the control circuit are
attached to or in thermal contact in order to remove heat from
the circuit and the LED, thereby reducing the risk of a per-
formance fault, or, worse, creation of a condition where a fault
could result in a dangerous condition depending on where the
flashlight is used. The latter is an example of a condition
measured by a UL standard regarding flashlights for use in
intrinsically dangerous circumstances.

Streamlight, Inc. has been issued U.S. Pat. No. 7,357,534,
entitled “FLASHLIGHT PROVIDING THERMAL PRO-
TECTION FOR ELECTRONIC ELEMENTS THEREOEF,”
which relates to a thermally conductive heat sink having a
heat dissipating element and a heat collecting element and the
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use of a thermally conductive material between the electronic
circuit and the second surface of the heat sink, thereby ther-
mally coupling the LED and the electronic circuit to the heat
sink.

Even those advantageous arrangements may not be
adequate for very high power LEDs and/or other heat gener-
ating elements employed in a compact configuration. The
more heat to be dissipated, the greater the dissipater surface
area required to dissipate that heat. As LED light output and
the waste heat generated thereby increase, a passively dissi-
pating heat sink can become too large or too heavy or too
bulky to be practical. Further, at higher heat dissipation levels,
the exposed elements of the heat sink could become suffi-
ciently hot as to potentially become a safety concern.

Accordingly, there is a need for a heat dissipater for a
portable light or other apparatus that is more compact than a
passive heat sink capable of dissipating the same heat. Desir-
ably, if such heat dissipater were to have an exposed part, the
exposed part would preferably operate at a lower temperature
than would a passive heat sink of equivalent size.

To this end, a heat dissipater may comprise: a heat sink
having a heat generating element thermally coupled thereto,
and having a plurality of walls for defining a cavity and plural
passages in fluid communication with the cavity; a fluid
mover disposed in the cavity of the heat sink for selectively
causing a fluid to move through the cavity and the plural
passages defined by the walls of the heat sink; and the heat
generating element thermally coupled to the heat sink.

The heat dissipater may be employed in a portable light or
other portable device or apparatus, with or without a housing.

BRIEF DESCRIPTION OF THE DRAWING

The detailed description of the preferred embodiment(s)
will be more easily and better understood when read in con-
junction with the FIGURES of the Drawing which include:

FIG. 1 is an isometric view of an example embodiment of
a portable light in a lantern configuration that includes a heat
dissipater according to the present arrangement;

FIG. 2 is a partial exploded view of the example portable
light of FIG. 1;

FIG. 3 includes FIGS. 3A and 3B which are rear isometric
views of an example heat dissipater and FIG. 3C which is a
side cross-sectional view thereof;

FIG. 4 is an isometric view of an example embodiment of
a portable light in a flashlight configuration that includes a
heat dissipater according to the present arrangement;

FIG. 5 is a partial exploded view of the example portable
light of FIG. 4, and FIGS. 5A and 5B are isometric views of
the rear of the example heat dissipater of FIG. 5 and of a baffle
therefor, respectively;

FIG. 6 includes FIG. 6A which is a cross-sectional view
and FIGS. 6B and 6C which are isometric views of an alter-
native embodiment of a heat dissipater according to the
present arrangement; and

FIG. 7 is an isometric view of an example embodiment of
a portable light in an area light configuration that includes a
heat dissipater according to the present arrangement;

FIGS. 8 and 8A are a partial view of the example portable
light of FIG. 7 and of a detail thereof; and

FIG. 9 is a schematic diagram of example electrical and/or
electronic circuits suitable for use in the described portable
light.

In the Drawing, where an element or feature is shown in
more than one drawing figure, the same alphanumeric desig-
nation may be used to designate such element or feature in
each figure, and where a closely related or modified element
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is shown in a figure, the same alphanumerical designation
primed or designated “a” or “b” or the like may be used to
designate the modified element or feature. Similarly, similar
elements or features may be designated by like alphanumeric
designations in different figures of the Drawing and with
similar nomenclature in the specification. It is noted that,
according to common practice, the various features of the
drawing are not to scale, and the dimensions of the various
features are arbitrarily expanded or reduced for clarity, and
any value stated in any Figure is given by way of example
only.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

In the disclosed heat dissipater, a cooling device typically
including a fan is employed to dissipate heat collected by a
heat sink that is thermally coupled to a light-emitting diode
(LED) subassembly that is located in the head of a portable
light, e.g., a flashlight. In the preferred embodiment, the cool-
ing device (fan) is integral to, embedded in and/or a part of,
the heat sink to which the LED subassembly is thermally
attached. The heat sink and integral fan create a heat dissi-
pater system for the fast, continuous, and efficient dissipation
of heat. This thermal control system allows the LED to be
maintained more closely to a relatively constant predeter-
mined operating temperature, regardless of variations and/or
changes of the intensity of the LED, the current it draws, or
the energy it dissipates. The predetermined operating tem-
perature is preferably selected to be close to an “optimum”
operating condition for the LED, as that may be defined or
desired by an LED manufacturer or a light designer.

The ability to maintain a constant operating temperature
for the LED, preferably at or near its “optimum” operating
temperature, provides an improvement over the current art.
The disclosed heat sink with integral cooling device (e.g., an
integral or embedded fan) maintains a sufficiently low tem-
perature so as to conduct a greater flow or volume of heat as
generated by high powered LED’s no matter how long the run
time or how high the light output may be. The greater the
degree of cooling provided by the heat sink, which is accom-
plished in the disclosed arrangement, the greater the ability of
the heat sink to collect and dissipate heat which typically
results in an environment or operating condition suitable for
the efficient use of high powered, long running LED’s.

The use of electric fans to cool electronic devices such as
computers and appliances is not new. These fans increase air
flow so as to increase cooling. Generally, these fans are
attached to or are external to a heat sink and they are often
large in size—a condition which make such fans impractical
for use in a flashlight or other portable light. In addition,
electric fans can consume substantial power which is unde-
sirable in a flashlight or portable device because it would
greatly compromise the time that a given battery could power
the light, and increasing the size (and thus the weight) of the
battery is undesirable and in some cases impractical. The
present arrangement addresses these problems by making the
cooling device fan integral to, embedded in and/or a part of
the heat sink, and/or by controlling its operation.

Several electrical blower and electrical fan configurations
are commercially available. “Axial fans” move air parallel to
the axis of rotation of the fan and provide relatively high flow
rates and low pressures. By contrast, “centrifugal fans” or
“radial blowers” move air perpendicular to the blower rota-
tional axis and provide relatively low flow rates and high
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4

pressures. Other available configurations include tube axial
fans, vane axial fans, crossover (tangential) blowers, and
multistage blowers.

The configuration of the cooling device and the head sink
in the present arrangement will be determined, at least in part,
by the size and shape of the flashlight, lantern, or other por-
table light, with which it will be utilized. The fact that the
cooling device is a part of or is integral to the heat sink can
improve cooling efficiency and can save considerable space,
thereby allowing the disclosed heat dissipater with integral
cooling device to be useful for small flashlights while typi-
cally allowing the LED run time and/or light output to
increase.

FIG. 1 is an isometric view of an example embodiment of
a portable light 10 in a lantern 10 configuration that includes
a head assembly 100 having a heat sink 200 according to the
present arrangement. Example lantern 10 includes a gener-
ally rectangular housing 20 having a forward or head end 12
from which light is projected and a rearward end 14. Housing
20 typically may include handle supports 24, 26 that extend in
like direction for supporting a handle 22 therebetween by
which light 10 may be held. Through bolts or pins or rivets
(not shown) are typically employed to attach handle 22 to
supports 24, 26, and such bolts or pins may support respective
rings to which a shoulder strap or other strap or lanyard (not
shown) may be attached.

Light 10 and housing 20 thereof are generally similar to the
LITEBOX® lights which are commercially available from
Streamlight, Inc., of Eagleville, Pa., except that the heads of
those lights employ a shaped plastic rear piece and not a heat
dissipater as described herein. While similar, the FIREBOX®
light and the VULCAN® light, which are also available from
Streamlight, Inc., do not employ a heat dissipater as described
herein.

Light producing head 100 is connected to housing 20 near
the head end of lantern 10. Head assembly 100 is attached to
housing 20 by a pivotable connection 40 that includes a
swivel connector 42 and a flexible electrical cable 44 that
carries electrical conductors for making operative electrical
connections between the light source of head 100 and a bat-
tery disposed in housing 20. Swivel connector 42 is preferable
attached to heat sink 210 ofhead 100 by a hollow metal eyelet
(not shown) that is passed through hole 46 in heat sink 210
(the head of the metal eyelet bears against heat sink 210) and
through a hole in the cylindrical portion 43 of connector 42
into the space between ears 45 thereof, where it extends
through a metal washer on which it is peened or rolled over to
permanently attach connector 42 to head 100.

A through bolt (not shown) passing through holes in ears
45 of connector 42 and through holes of forward handle
support 26 is typically employed to attach swivel connector
42 to forward handle support 26 and typically employs a wing
nut or other hand tightenable and loosenable nut to facilitate
adjustment of the angle of head 100 relative to housing 20 by
a user of light 10.

Head assembly 100 includes a heat dissipater 200 that is
described herein below, a lens 120 for protecting the light
source of head 100 and/or for shaping the light beam pro-
duced thereby, and a retaining ring 130 that attaches to heat
dissipater 200 for retaining lens 120 and other elements of
head 100.

Lantern 10 is typically controlled, e.g., turned on and off,
and into other operating modes such as flashing or dimming
or the like as may be provided, by an electrical switch which
is typically mounted on or near forward support 26 in a
location convenient for a user. In the arrangement shown,
such switch is on the far side of support 26 which is not
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visible, where it is in a location for convenient activation by a
right handed user. Additionally, or alternatively, a control
switch may be provided near location 28 on support 26. Light
10 may also include external terminals for making electrical
connection to a battery charger where a rechargeable battery
is employed. Typically such terminals are located on housing
20 for making electrical contact to a source of charging, e.g.,
when light 10 is placed into a charger station or dock.

Housing 20 may also include one or more electronic circuit
boards for carrying electronic circuits for controlling the
charging and/or discharging of the battery, and/or for control-
ling operation of the light source contained in head 100. In
lights 10 intended for use in fire and rescue environments, one
or more blue lights may be provided at the rear of housing 20,
and the operation thereof, e.g., in a steady on mode or in a
flashing mode, may be controlled by circuitry located on
circuit board 32.

FIG. 2 is a partial exploded view of the example portable
light 10 of FIG. 1. Battery 30 is seen to be insertable into
housing 20 at the bottom thereof and is typically retained in
housing 20 by a cover that is attached to the bottom thereof.
The cover may be gasketed to provide a seal against the entry
of dirt, debris, moisture or other unwanted materials into
housing 20, and may have feet for light 10 to rest upon when
placed on a horizontal surface. Where battery 30 is a
rechargeable battery 30, housing 20 may also house an elec-
trical or electronic circuit 32 for connecting and/or interfac-
ing a rechargeable battery 30 to a battery charger external to
housing 20 and light 10.

Head assembly 100 includes a heat dissipater 200 to which
are attached other elements of head 100 that relate to either
the light producing function thereof or to the heat dissipating
function. Heat dissipater 200 includes a generally circular
thermally-conductive heat sink 210 that has a generally flat
forward-facing face or surface 216 to or against which light
source 240 and various elements 110, 120, 130 relating to
light source 240 may be attached for conducting heat to
thermally conductive heat sink 210. Specifically, light source
240 includes an LED 242 that is mounted to an electronic
circuit board 244 that is disposed adjacent to the relatively flat
face 216 of heat sink 210 for the conduction of heat thereto.
Heat conduction may be by direct physical contact between
circuit board 244 and heat sink 210, and may be enhanced by
the use of thermally conductive material, e.g., a thermally
conductive paste or grease, a thermally conductive adhesive,
or a thermally conductive membrane, therebetween. Circuit
board 244 of light source 240 may typically have holes 248
that align with holes 218 of heat sink 210 for receiving respec-
tive screws, pins or other fasteners for retaining light source
240 pressed against flat surface 216 of heat sink 210 in a
desired location, thereby to provide thermal coupling ther-
ebetween.

Preferably the relatively flat forward-facing surface 216 of
heat sink 210 is recessed to define an annular wall having a
shape that is substantially the shape of the periphery of circuit
board 244 of light source 240, so that circuit board 244 is
registered to a proper position relative to heat sink 210
thereby. Typically, that registration results in LED 242 being
substantially on a central axis of heat sink 210 and the central
axes of reflector 110, lens 120 and retaining ring 130. Reflec-
tor 110 typically has substrate 114 having a circular shape
similar to that of lens 120 and ring 130.

Light source may comprise a high power LED 242, which
typically is centrally located on circuit board 244, and may
include additionally or alternatively a plurality of LEDs 246
arrayed on circuit board 244. LEDs of array 246 are typically
evenly spaced in a circular pattern surrounding LED 242, and

25

30

40

45

55

6

typically are lower power LEDs than is LED 242. Light 10
may be controlled for operation such that only LED 242 is on,
or some or all of LEDs 246 are on, or that both LED 242 and
LEDs 246 are on at the same time. In addition, control cir-
cuitry for LEDs 242, 246 may provide for selecting different
levels brightness for some or all of LEDs 242, 246, e.g.,
dimming and un-dimming of some or all of LEDs 242, 246,
and/or blinking and flashing modes of operation of some or all
of LED 242 and/or LEDs 246.

Reflector 110 preferably has a plastic LED cover 112 cen-
trally located in substrate 114 for covering LED 242 of light
source 240, and cover 112 may simply be a cover, e.g., for
protection, or may have a contoured shape and/or thickness so
as to serve as a lens for shaping the light produced by LED
242. Reflector 110 preferably has plural small reflectors 116,
typically small parabolic reflectors 116, that align with cor-
responding small LEDs 246 on circuit board 244 for shaping
the beam of light produced by such small LEDs 246. Small
reflectors 116 may be sized and shaped, e.g., made relatively
deep or relatively shallow, or relatively wider or relatively
narrower, so as to shape the beams of light produced by LEDs
246 in a desired manner, e.g., for providing a spot or a flood of
light, or something in between.

Where reflector 110 is a molded plastic, LED cover 112
and small reflectors 116 may be molded into substrate 114.
Where reflector 110 includes a metal substrate 114, LED
cover 112 and small reflectors 116 may be plastic inserts that
are fitted into holes in metal substrate 114 or small reflectors
116 may be formed by pressing or stamping the metal of
substrate 114. A metal substrate may improve heat removal
from LED 242 and LEDs 246 somewhat, e.g., by providing a
path for heat transfer transversely in a direction across the
face 216 of heat sink 210 and/or by providing an additional
path for heat transfer from the LEDs 242, 246 to the rim of
base 216 of heat sink 210.

Circular lens 120 is disposed against reflector 110 and is
retained thereat by retaining ring 130 that attaches at the outer
cylindrical periphery of heat sink 210, e.g., by ring 130 and
heat sink 210 each having threads so as to be threadable
together or by ring 130 being elastic and having a projection
(e.g., a flange or ridge) or a recess (e.g., a groove or indenta-
tion) that corresponds with a recess or projection of heat
dissipater 200 so as to snap together or otherwise engage. An
O-ring or other gasket or seal may be provided between
retaining ring 130 and heat sink 210 and/or between lens 120
and ring 130 to resist the entry of dirt, debris, moisture and
other unwanted materials into head 100.

Heat sink 210 preferably also has a network of fluid pas-
sages defined by various walls and fins thereof for the efficient
dissipation (removal) of heat produced by light source 240.
An example wall and fin structure of heat sink 210 is better
viewed and is described in relation to FIG. 3. A fluid mover
220, typically an air moving fan 220, is disposed in or embed-
ded into the rear of heat sink 210 and is retained therein by
four screws or other fasteners 228, and typically has electrical
wires 229 extending from frame 222 for making electrical
connection to electrical circuit board 240 for receiving elec-
trical power to operate air mover 220.

Swivel connector 42 attaches to a hole 46 of heat dissipater
200, e.g., by a hollow metal eyelet, and flexible cable 44
wraps around swivel connector 42 between ears 45 and passes
through the metal eyelet between heat dissipater 210 and
housing 20. Typically cable 44 has electrical wires at the end
44F that connects to head 200, e.g., for connecting to circuit
board 244 of light source 240, and has an enlarged elastic
stress reliever at the end 44R that attaches to housing 20, e.g.,
to relieve mechanical stress at a hole 27H within a relatively
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large slot 27 near the forward end of housing 20 as cable 44
flexes. Thus, electrical cable 44 may flex and move in slot 27
and connector 42 to allow head 100 to swivel with respect to
housing 20 so that a user may direct the light produced by
head 20 in a desired direction.

FIG. 3 includes FIGS. 3A and 3B which are rear isometric
views of an example heat dissipater 200 and FIG. 3C which is
a side cross-sectional view thereof. Heat dissipater 200
includes a heat sink 210 that has a plurality of passages for the
flow of a fluid therethrough, e.g., air. In general, heat sink 210
may be described as having a circular base 216 from one side
of which extend plural coaxial generally circular walls 211,
213, 215 to define respective coaxial cylinders. Each of cir-
cular walls 211, 213, 215 provides additional surface area for
enhancing the transfer of heat from heat sink 210 to the
surrounding fluid (air) as well as defining passages through
which such fluid may flow for further enhancing the dissipa-
tion of heat by heat dissipater 200. The opposite side of
circular base 216 provides a generally flat surface or face 216
for receiving electronic circuit board 244 of light source 240
adjacent thereto and thermally coupled thereto, typically,
with a thermal grease or thermally conductive adhesive or
other thermally conductive compound so as to enhance the
thermal coupling between light source 240 and heat sink 210.

Inner circular wall 211 defines a generally cylindrical cav-
ity 211C with base 216 closing the bottom end thereof. The
end of the cavity 211C defined by circular wall 211 distal
from base 216 is arranged for receiving an air moving device
220 therein. For example, an axial fan 220 may be disposed
(embedded) therein with its frame 222 supported by shoul-
ders or ledges of wall 211 and its electrical wires 229 may
connect through base 216 to electronic circuit board 244 for
receiving electrical power for operating fan 220. Such shoul-
ders or ledges preferably may have axial holes therein for
receiving screws or other fasteners 228 that secure embedded
fan 220 to heat sink 210, e.g., by passing through holes in
frame 222 thereof, so that the stator 226 or motor 226 of fan
220 is at the outer end of cavity 211C so that rotor 224 of fan
220 rotates for moving air into or out of cavity 211C.

A cover 230 placed over embedded fan 220 and secured to
wall 211 by a screw or other fastener 234 substantially closes
the cavity 211C defined by wall 211 and base 216. Cover 230
has a plurality of openings 232 therethrough, preferably
radial slots 232 that are arranged to align with the annular
space through which blades of rotatable rotor 224 of fan 220
may move air axially into or out of the cavity 211C. Wall 211
has a plurality of openings or slots 211S therethrough which
provide plural passages through which air may move radially
into or out of cavity 211C.

Heat sink 210 has an outer generally circular wall 215 that
substantially coincides with the circular periphery of circular
base 216 and has an intermediate generally circular wall 213
that is between inner circular wall 211 and outer circular wall
215. Preferably, heat sink 210 further includes a plurality of
radial wall segments 212 between inner circular wall 211 and
intermediate circular wall 213, and a plurality of radial wall
segments 212 between intermediate circular wall 213 and
outer circular wall 215.

Each adjacent pair of radial wall segments 212 defines with
the adjacent portions of circular walls 211, 213 a fluid (air)
cavity or passage 212C and a majority of these cavities 212C
are connected with cavity 211C by slots 2118 in circular wall
211. In the example heat sink 210 as illustrated, there are
twelve such cavities 212C (ten relatively larger and two rela-
tively smaller cavities) and eight of the cavities 212C are
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connected by a slot 2118 with cavity 211C. Preferably, cir-
cular walls 211, 213 extend about the same height from base
216.

Each adjacent pair of radial wall segments 214 defines with
the adjacent portions of circular walls 213, 215 a fluid (air)
cavity or passage 214C and preferably the number of these
cavities 214C is substantially greater than the number of
cavities 212C. In the example heat sink 210 as illustrated,
there are twenty-two such cavities 214C, e.g. approximately
two times the number of cavities 212C. Preferably, circular
wall 215 extends a lesser distance, e.g., about half of the
height or less, from base 216 than does wall 213, thereby to
facilitate natural air passage into and out of cavities 214C for
removing heat from walls 213, 214, 215. While ones of cavi-
ties 214C could be connected to ones of cavities 212C, e.g.,
by openings in circular wall 213, they need not be so con-
nected.

In the example heat dissipater 200 illustrated, the flow of
air moved in heat sink 210 by air mover 220 is preferably
through slots 232 into cavity 211C, through slots 211S into
cavities 212C and then rearwardly to be expelled from cavi-
ties 212C. Such flow is shown, e.g., by dashed line 225. The
air so moved initially makes contact with base 216 to which
heat produced by LED 242 is conducted, and then makes
contact with walls 211, 212 and 213 to which heat may flow
from base 216. Reasons for preferring that air mover 220
move air in the direction described include that the incoming
relatively cooler air initially contacts base 216 which is
believed to enhance heat transfer from heat sink 210 and that
embedded fan 220 is itself cooled by such relatively cooler air
which is believed to tend to extend the useful life of fan 220.

As shown in FIG. 3C, electronic circuit board 244 of light
source 240 supports LED 242 generally in a central region
thereof, and is adjacent to base 216 of heat sink 210, prefer-
ably in good thermal contact therewith. Reflector 110
includes a circular portion 114 that is adjacent light source
240 and a dome portion 112 that surrounds and protects LED
242, and which may be utilized as a lens for shaping the light
produced by LED 242. Light source 240 and reflector 110 are
secured to heat dissipater 200 by fasteners that extend through
respective holes in circuit board 244 and reflector 110 into
base 216 of heat sink 210. Preferably such fasteners are of a
heat conducting material so as to enhance heat transfer from
light source 240 to heat sink 210.

In a preferred embodiment, heat sink 210 has a recess 217
in face 216 thereof that has a shape and size that corresponds
to the shape and size of the periphery of circuit board 244. As
aresult, when circuit board 244 is placed in recess 217 of heat
sink 210 it is disposed in a predetermined position relative to
heat sink 210, e.g., so that centrally located LED 242 is
located in the position in which it will properly align with
reflector 110 and lens 120 of light head assembly 100. Fur-
ther, the periphery of circuit board 244 and the periphery of
recess 217 are preferably not circularly symmetric, so that the
rotational position of circuit board 244 relative to heat sink
210 is also predetermined and connection points of circuit
board 244 will be in the proper locations for receiving elec-
trical conductors, e.g., electrical leads 229 of air mover fan
220 and lead wires 44F of wire cable 44, which pass through
one or more openings in heat sink 210.

LED 242 may be mounted to circuit board 244 in any of
several ways. For example, LED 242 could be mounted
through a hole in circuit board 244 so that the base of LED
242, from which heat generated by LED 242 may be con-
ducted, can be directly against the surface 216 of heat sink
210. Alternatively, LED 242 may be mounted to the surface of
circuit board 244 as illustrated and circuit board 244 may
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include thermally conductive features adjacent to LED 242
and proximate to LED 242 for transferring heat from LED
242 to base 216 of heat sink 210. Such thermally conductive
features may include, e.g., conductive areas on one or both
sides of circuit board 244, conductive vias through circuit
board 244, solder-filled holes through circuit board 244, ther-
mally conductive metal fasteners for securing circuit board
244 to heat sink 210, and the like.

In particular, an array of plated-through holes may be pro-
vided in circuit board 244 at a location over which a heat
generating component will be mounted, which holes fill with
solder when circuit board is soldered, so as to provide an array
of thermally conductive vias for conducting heat away from
such component. In general, features that increase thermal
mass, thermal conductivity and/or the thermally conductive
area of contact will generally improve heat transfer.

FIG. 4 is an isometric view of an example embodiment of
a portable light 10" in a flashlight 10" configuration that
includes a heat dissipater 200' according to the present
arrangement. Flashlight 10" includes a housing 20" at a for-
ward end 12 of which is located a head assembly 100" that
selectively produces light. Typically housing 20' includes one
ormore switches 28 for selectively controlling the production
of light, and has an internal cavity for receiving a source of
electrical power, e.g., a battery. Switches 28 may include,
e.g., a switch 28S located on the side of housing 20", typically
closer to the forward end 12 thereof, and possibly on the head
100" thereof, and/or a switch 28R located at the rearward or
tail end 14 thereof. Such switches 28S, 28R may operate
independently or in coordination for controlling all or some
of the operation of light 10'.

Head 100" at the forward end 12 oflight 10" includes a light
source and may include electrical and/or electronic circuits
for operating and/or controlling the light source. Head assem-
bly 100" includes a heat dissipater 200' along with a reflector
110 and lens 120 that are retained with heat dissipater 200' by
a retaining ring 130, all as described above.

FIG. 5 is a partial exploded view of the example portable
light 10" of FIG. 4, and FIGS. 5A and 5B are isometric views
of the rear of an example flashlight head 100' having a heat
dissipater 200 of FIG. 5 and of a baffle 260 therefor, respec-
tively. Flashlight head 100' and heat dissipater 200' may be
identical to light head 100 and heat dissipater 200, respec-
tively, except that cover 230 is preferably omitted and swivel
connector 42 may optionally be omitted, if desired, as is
illustrated. Thus the description of head 100 and heat dissi-
pater 200, and their function, above also describes flashlight
head 100" and heat dissipater 200' and their function.

In the case of portable light 10 above, which is a lantern 10,
the rear of heat dissipater 200 is exposed, and so air may
circulate around and within heat dissipater 200 relatively
unaffected by the housing 20 of lantern 10. Such is not the
case, however, for portable light 10' which is in the configu-
ration of a flashlight because flashlight housing 20' thereof
would tend to block the rear of heat dissipater 200' and thus
would interfere with the circulation of air in and around heat
dissipater 200"

To allow head assembly 100’ to attach to housing 20' while
having suitable circulation of air in and around heat dissipater
200", housing 10 preferably includes provisions for integrat-
ing with heat dissipater 200' in a way that allows the desired
thermodynamic condition. A suitable mechanical and ther-
mal interface 250 between housing 20' and heat dissipater
200" includes walls and air passages that cooperate with the
walls and air passages of heat sink 100" to allow the flow of air
inward to embedded fan 220 which is integrated into and/or
embedded in heat sink 210.
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Head assembly 100" may be attached to flashlight housing
20" by all or some of the screws or other fasteners that extend
into or through holes 218 in heat sink 210 extending further
than heat sink 210 to engage corresponding holes of interface
250 of flashlight housing 20' or by two or more screws or other
fasteners inserted through housing 20' to engage heat dissi-
pater 200, e.g., two or more of the holes 218 of heat sink 210.
Alternatively, interface 250 may be threadable or otherwise
attachable onto and off of housing 20" and so may be attached
to heat dissipater 200' by screws or other fasteners that pass
through holes in interface 250 and into holes 218 of heat sink
210, or interface 250 may be threadable to housing 20" and to
heat dissipater 200'.

Air passage defining elements 250 serve to channel air
being drawn to embedded fan 220 which is completely sur-
rounded by heat sink 210 and elements 250 without a cover
230 being needed. Interface 250 includes a generally circular
wall 252 extending forwardly toward head end 12 of light 10'
and being of similar diameter to that of circular wall 213 of
heat sink 210 with which it is generally coaxial. Circular wall
252 has a plurality of openings or slots 253 therein through
which air may flow to reach the cavity 252C within circular
wall 252 from which it may be drawn through air mover 220
into and through heat sink 210.

Interface 250 further includes radial walls 254 that extend
radially outward from circular wall 252 to further define air
flow passages. While air flowing from heat sink 210 may
generally escape radially outwardly between walls 254, walls
254 provide additional surface area that can also serve to
dissipate heat. When appropriate given the amount of heat to
be dissipated by dissipater 200' and interface 250, an annular
baffle 260 or other shaped baffle 260 may be provided
between dissipater 200" and interface 250, or as part of either
one or both of them, so as to direct the flow of air through heat
dissipater 200" and interface 250 in a suitable manner, e.g., to
separate the relatively cooler air flowing in from the relatively
warmer air flowing out.

The particular arrangement of such baffle 260 would be
defined in consideration of the respective locations of slots
2118 of heat sink 210 and of slots 253 of interface 250 for
defining desired respective passages through which the cool-
ing fluid, e.g., air, may flow into and out of heat dissipater
200'. Typically, a flat annular baffle 260 could have a central
opening 264 having a diameter similar to or slightly smaller
than the diameter of cylindrical wall 252, which diameter
would typically be similar to the diameter of cylindrical wall
211 of heat sink 210, and could have an outer diameter that is
similar to or slightly larger than the outer diameter of inter-
face 250 and/or cylindrical wall 213 of heat sink 210 which
would have slots therein for allowing the cooling fluid to pass
radially outwardly through wall 213. Where adjacent pairs of
radial fins 254 define passages through which air may flow
into cavity 252C and other adjacent pairs of radial fins 254
define passages through which air may flow from outwardly
from cavities of heat sink 210, baftle 260 may have openings
262 therethrough for allowing air flowing out of the cavities
ot’heat sink 210 into the passages between adjacent radial fins
254 of interface 250, in addition to central opening 264.

FIG. 6 includes FIG. 6A which is a cross-sectional view
and FIGS. 6B and 6C which are isometric views of an alter-
native embodiment of a heat dissipater 200" according to the
present arrangement, which may be similar to heat dissipater
200, 200" as described above. Heat dissipater 200" includes at
least one heat pipe 270, 280 for conducting heat from a
warmer location near which heat is generated to a cooler
location where heat may be dissipated. A heat pipe is known
to have a closed cavity in which is a working fluid that evapo-
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rates to a vapor at a relatively warmer location and condenses
to a liquid at a relatively cooler location, thereby to transfer
heat from the relatively warmer location to the relatively
cooler location. A wick may be provided within the closed
cavity of a heat pipe to assist the return of the liquid con-
densed working fluid from the relatively cooler location to the
relatively warmer location by capillary action. Suitable work-
ing fluids may include, e.g., ammonia, water, methanol, etha-
nol, and acetone.

In FIG. 6 A, heat pipe 270 is disposed between the first side
216F of base 216" of heat sink 210" and the second side 216R
thereof for transferring heat from LED 242 and/or LEDs 246
to walls 211-215 from which it may be removed by cooling
fluid, e.g., air, passing thereby. Heat pipe 270 has a cavity 272
therein in which a working fluid is disposed. Heat pipe 270
may include a casing that defines an interior cavity thereof
containing the working fluid thereof, or the cavity containing
working fluid may be provided within the circular base 216"
of heat sink 210" without a separate casing. Heat sink 210"
may include plural additional passages 2160 through base
216" through which cooling fluid moved by fan 220 may be
caused to flow, e.g., in an axially forward and/or radially
outward direction. By way of example, slots 211S of heat sink
210" are shown relatively smaller than those of heat sink 210
and air flow caused by fan 220 passes through both openings
211S and 2160, as indicated by dashed arrows 225.

In FIGS. 6A and 6B are shown a set of relatively long,
relatively small diameter heat pipes 280 that are disposed at
least in part in base 216" of heat sink 210" in an array gener-
ally corresponding to an array including plural LEDS, e.g.,
LEDs 246 of light source 240 circuit board 244 adjacent heat
sink 210" (shown simplified). In this arrangement, light
source 240 may or may not include a central relatively larger
LED 242. Each heat pipe 280 has a cavity therein in which a
working fluid is disposed. Each heat pipe 280 may include a
casing that defines the cavity containing the working fluid
thereof, as shown in FIGS. 6B and 6C, or the cavity contain-
ing working fluid may be provided within the circular base
216" of heat sink 210" without a separate casing, e.g., by
drilled or bored blind holes that are covered after a working
fluid is placed therein, as shown in FIG. 6C. Where heat pipes
280 having a separate casing are employed, they may be of
sufficient length to extend through the circular base 216" as
illustrated in FIG. 6B into the fluid passages defined by the
various walls 211-215 of heat sink 210" for being in direct
thermal contact with the cooling fluid passing and/or moving
through heat sink 210".

Heat sink 210" while shown in a simplified form, prefer-
ably includes various walls defining various fluid passages
through which air mover 220 may cause fluid, e.g., air, to flow
for efficiently dissipating heat from a heat source thermally
coupled to heat sink 210" to the surrounding environment.
The arrangement of heat sink 210" allows it to be included in
a head for a portable light, e.g., a light in a lantern configu-
ration or in a flashlight configuration or in an area light con-
figuration or in anther desired configuration.

FIG. 7 is an isometric view of an example embodiment of
a portable light 10" in an area light configuration that
includes a heat dissipater 200" according to the present
arrangement, and FIGS. 8 and 8A are partial views of the
example portable light 10™ of FIG. 7 showing details thereof.
Portable area light 10" includes a head assembly 100" com-
prising a heat dissipater 200" including a heat sink 210" to
which is mounted a light source 240"'. Heat sink 210" of head
assembly 200" typically includes circular wall 211" and
interior walls 212", 214" that define fluid passages through
which a fluid, most typically air, can flow. Walls 212", 214"
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may be of any desired shape and so may have parallel sides as
illustrated for walls 214" or may be tapered as illustrated for
walls 212". Double ended arrows at the vents 219"V of
venting cover 219" and at the end of hollow tubular member
1211 indicate that fluid may be made to flow in one direction
orthe other, e.g., as by a fluid mover 220™ integrally disposed
in tubular member 1211, typically near an end thereof remote
from dissipater 200'"".

Light 10" preferably includes a hollow tubular member
1211 to which head assembly 100" is physically connected
by a movable joint 310 (not visible). Preferably, the movable
joint may be an articulated joint 310 permitting movement of
head 100" with at least two degrees of freedom relative to
member 1211. The articulated joint may include one or more
pivotable connections pivotable in one or more different
planes or may include a ball and socket connection providing
degrees of freedom of relative movement in plural planes.
Tubular member 1211 has a generally circular wall 1211w
that defines a fluid passage through member 1211 and essen-
tially extends from heat sink 210" to fluid mover 220™. A
flexible sheath 300 is preferably provided between tubular
member 1211 and head 100" for defining a fluid passage
therebetween, e.g., providing fluid communication between
respective fluid passages in tubular member 1211 and in head
100™.

Inan example embodiment wherein head assembly 100" is
generally cylindrical, heat dissipater 200" is generally cylin-
drical and has a relatively flat base surface 216" upon which
is disposed light source 240™. Light source 240" may com-
prise an electronic circuit board 244" upon which are
mounted a plurality of light emitting diodes (LEDs) 242,
typically higher power LEDs. A lens 120™ may be provided to
cover light source 240™ and generally prevent dirt and other
debris from being deposited thereon. Lens 120" may simply
be a transparent or translucent cover of rectangular or arcuate
shape that covers light source 120" or lens 120" may be a
cylindrical lens that surrounds light source 120" and heat sink
210" as shown. A reflector may be provided for LEDs 242,
e.g., in similar manner to that described regarding reflector
110 hereinabove, but is not necessary, particularly where a
flood of light over an area is desired.

Circuit board 244™ is generally planar and is mounted in
thermal communication with base surface 216™ of heat sink
210" for conducting heat generated by LEDs 242 to heat sink
210". Circuit board 244" typically has features for thermally
coupling LEDs to heat sink 210" such as thermally conduc-
tive vias, a metal or other thermally conductive core, or open-
ings for allowing LEDs 242 to be directly thermally coupled
to base surface 216" of heat sink 210", and may be attached
to base surface 216" by fasteners, e.g., screws, pins, clips and
the like, thermally conductive adhesive or other suitable
means.

Heat sink 210™ has a generally circular wall 211" defining
a fluid passage and has walls 212" and 214" extending there-
from for further defining a fluid passage for the fluid, typically
air, moved by fluid mover 220", typically an electrical fan.
Walls 211", 212", 214" increase the area that fluid moving
through heat sink 210™ contacts thereby to improve heat
transfer and lower thermal resistance. Walls 212", 214™ typi-
cally have a tapered cross-sectional shape to improve heat
conduction therethrough.

Wall configurations other than that illustrated may be
employed to achieve a desired degree of heat transfer in view
of the flow of fluid provided by fluid mover 220"™. For
example, walls 212" and/or 214" may have a more complex
cross-sectional shape for providing greater surface area. In
one example, shown in FIG. 8A, wall 212" has sideways
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extending arms 212"b on opposite sides thereof and an end
212" a at the end thereof. Preferably, heat sink 210™ has walls
211, 212", 214" in a configuration that allows heat sink
210" to be extruded, e.g., extruded aluminum.

Optionally, heat sink 210" may include a heat pipe 270" to
further enhance heat transfer from LEDs 242. A heat pipe
270" may be a thin rectangular heat pipe disposed between
light source 240" and the base 216" of heat sink 210" or may
be a more complex shape to complement the shapes of walls
211", 212" as illustrated. The cavity of heat pipe 270" which
contains a working fluid may be formed in part by the extru-
sion ofheat sink 210", e.g., extending into the central regions
of radial walls 212"". and in part by a cover 274", e.g. at the
open ends thereof. While a thin rectangular heat pipe may be
provided as a separate part that is attached to heat sink 210",
aheat pipe 270™ of more complex cross-section preferably is
provided by covering a cavity formed in the extruding of heat
sink 210™.

An electrical power source 350, e.g., a battery, generator or
connection to an external power source 350, may be located at
or near the end of tubular member 1211 remote from head
100" for powering fan 220™ as well as light source 240", or
may be located closer to or in head 100™. Electrical power
may be conducted to head 100" via electrical wires 352, e.g.,
electrical wires 352 passing through the interior of member
1211 and flexible sheath 300.

Venting cover 219" is preferably at the upper end of head
assembly 100" where light 10" is intended for outdoor use
for providing a cover 219™ to keep rain and other debris from
entering head 100™. Vents 219"y thereof may preferably be
provided by one or more openings located circumferentially
around the bottom periphery of venting cover 219" so as to
not capture falling rain or debris.

FIG. 9 is a schematic diagram of example electrical and/or
electronic circuits 400 suitable for use in the described por-
table light 10, 10'. Circuit board 244 of light source 240 may
typically carry all or part of the electronic circuitry 400 uti-
lized for operating light source 240 and/or air mover (fan)
220. Such circuitry 400 may include current and/or voltage
control and regulation for LED 242 and for small LEDs 246,
including predetermined varying thereof as a function of
temperature, for operating LEDs 242, 246 at desired current
levels, brightness levels and/or temperatures. One example
desirable operating condition for high power LED 242 would
be to regulate the current flowing through LED 242 to be ator
near a condition of high efficiency of conversion of electrical
energy into light, and also to operate air mover 220 so as to
tend to maintain LED 242 at a temperature at which its effi-
ciency is high.

In addition, a control circuitry 400 for air mover 220 may
also be provided on circuit board 244 so that air mover 220
may be made to operate or operate faster as temperature
increases and to cease to operate or to operate more slowly as
temperature decreases. Preferably, fan 220 operates respon-
sive to temperature as sensed relatively close to high power
LED 242, but may be sensed at heat sink 210, e.g., near
surface 216, or at a location on circuit board 244. Temperature
may be sensed by any convenient temperature sensitive ele-
ment, e.g., by a thermistor, or by a thermostatic or other
thermally responsive switch.

Electrical power provided by battery 30 and charging cir-
cuit 32 is coupled to control circuitry 400 which controls the
selective application of electrical power to light source 240
which includes LED 242 and LEDs 246 for producing light,
responsive to operation of switch SW, e.g., by a user. Switch
SW may be operative for controlling the LED driver 440 of
circuitry 400 for turning light source 2400N and OFF, either
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momentarily or continuously, and may also be operative to
cause light source 240 to operate at different brightness lev-
els, to dim and/or un-dim, and/or to cause light source 240 to
flash or blink between ON and OFF conditions. The fan driver
420 of control circuitry 400 is responsive to thermal sensing
device T for selectively applying electrical power to fluid
mover 220, e.g., an air mover or fan, to cause fan 220 to move
a cooling fluid, e.g., air, over heat sink 210 of dissipater 200
for dissipating the heat produced by operation of LED 242
and/or LEDs 246 and/or other heat producing elements, e.g.,
electrical or electronic components on circuit board 244.

By way of example, and not of limitation: Heat sink 210,
210", 210" may be made of aluminum or another suitable
metal having good thermal conductivity, such as brass, or of
a highly-thermally conductive resin, and may be cast,
molded, or machined as a single piece, or may be made of a
cast, molded or machined base to which a section of an
extruded wall structure is attached, e.g., as by brazing or
thermally-conductive adhesive. Cover 230 may be made of a
metal, e.g., aluminum, or of a plastic. Reflector 110 may be
made of a plastic, such as polycarbonate, or of a metal, e.g.,
aluminum, with one or more plastic inserts, by molding or
pressing or stamping, Lens 120 may be made of similar
plastic materials, and lens 120 and reflector 110 may be
joined together at their peripheries, e.g., by heat or ultrasonic
welding or by adhesive. Retaining ring 130 may be made of a
suitable elastic material, such as a molded rubber, urethane or
other plastic, so as to snap on over the rim of heat dissipater
200, 200', or may be of a suitable metal, e.g., aluminum, and
have threads so as to engage threads on the rim of heat
dissipater 200, 200'.

Also by way of example, and not limitation: Heat sink 210
may be about 4.65 inches (about 118 mm) in diameter and
about 1.86 inch (about 47 mm) thick, and may be fabricated
by machining, casting, molding, and/or extrusion, either as a
single piece or as individual pieces, e.g., as an extruded wall
structure 211-215 and a machined base 216 that are brazed or
adhesively attached together. Fan 220 may be, e.g., an about
1.5x1.5 inches (about 38 mmx38 mm) rectangular axial fan
operable from DC voltage, such as a GM series DC fan
available from Sunon, Inc. (USA) located in Brea, Calif., and
in China. LED 242 may be a type C4 high power LED
available from the Philips Lumileds Lighting Company
located in San Jose, Calif. or from Cree, Inc., located in
Durham, N.C. Circuit board 244 may be made of FR4 or
fiberglass-impregnated resin or other suitable material.

A portable light heat dissipater 200, 200", 200", 200" may
comprise: a heat sink 210, 210", 210" having a first side for
having a light source 240 thermally coupled thereto, and
having a plurality of walls 211-215 extending from a second
side thereof for defining a cavity and plural passages in fluid
communication with the cavity; a fluid mover 220 disposed in
the cavity of heat sink 210, 210", 210", 210™ for selectively
causing a fluid to move through the cavity and the plural
passages defined by the walls 211-215 of heat sink 210, 210",
210", 210™; and a light source 240 disposed adjacent to and
thermally coupled to the first side of heat sink 210, 210, 210",
210". Portable light heat dissipater 200, 200', 200", 200" may
further comprise: an electronic circuit 400 proximate heat
sink 210, 210, 210", 210™ for controlling electrical power
applied to light source 240; or an electronic circuit 400 proxi-
mate heatsink 210, 210', 210", 210" for controlling operation
of fluid mover 220; or an electronic circuit 400 proximate heat
sink 210, 210, 210", 210™ for controlling electrical power
applied to light source 240 and operation of fluid mover 220.
Electronic circuit 400 may control electrical power applied to
light source 240 or may control operation of fluid mover 220
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or may control both responsive to the temperature of light
source 240. Heat sink 210, 210", 210", 210™ may comprise a
generally circular base providing the first side for having a
light source 240 coupled thereto, and a plurality of generally
cylindrical walls 211-215 extending from the base of heat
sink 210, 210', 210", 210", wherein an inner one of said
cylindrical walls 211-215 defines the cavity for receiving
fluid mover 220, and wherein at least one of cylindrical walls
211-215 has openings therethrough for defining the plural
passages. The heat sink 210, 210, 210", 210" may comprise
a base 216 providing the first side for having the light source
240, 240", 240", 240" coupled thereto, an enclosing wall
211" extending from base 216 defining a passage and a
plurality of generally radial walls 212" extending from at
least the base 216 of heat sink 210, 210', 210", 210" into the
passage defined by enclosing wall 211™ to define one or more
of the plural passages adjacent base 216, and a hollow mem-
ber 1211 extending therefrom defining a cavity in fluid com-
munication with the plural passages, wherein hollow member
1211 defines the cavity for receiving fluid mover 220. An
articulated connection 300 between heat sink 210, 210", 210",
210" and hollow member 1211 and a flexible sheath 310 may
enclose the articulated connection and providing a fluid pas-
sage between hollow member 1211 and heat sink 210, 210",
210", 210'". Heat sink 210, 210", 210", 210" may include at
least one heat pipe 270, 280 coupling the first and second
sides thereof. Electronic circuit 400 may be disposed on a
circuit board 244 defining a periphery of a given shape and
size, and the heat sink 210,210, 210", 210" may have arecess
217 in the first side thereof, the recess having a shape and size
corresponding to the given shape and size of the periphery of
said circuit board 244, and the circuit board 244 may be
disposed in the recess 217. Heat sink 210, 210", 210", 210™
may comprise a generally circular base providing the first side
216 for having a light source 240 or heat generating element
240 coupled thereto, and a plurality of generally cylindrical
walls 211-215 extending from the base of said heat sink 210,
210', 210", 210™, wherein an inner one 211 of the cylindrical
walls 211-215 defines the cavity 211C for receiving the fluid
mover 220, and wherein at least one 211, 213 of the cylindri-
cal walls 211-215 has openings 2118, 213S therethrough for
defining the plural passages. Heat sink 210, 210", 210", 210™
may include at least one heat pipe 270, 280 coupling the first
and second sides thereof. Heat generating element 240 may
include: at least one light emitting diode 242, 246; or a high
power light emitting diode 242; or an array of light emitting
diodes 246; or a high power light emitting diode 242 and an
array of light emitting diodes 246. Fluid mover 220 may
include a fan 220 for moving air. Heat dissipater 200, 200,
200", 200" may further comprise: a cover 230 adjacent fluid
mover 220 and having openings 232 therethrough through
which the fluid moved by fluid mover 220 moves; or a thermal
interface 250 adjacent fluid mover 220 and defining passages
through which the fluid moved by fluid mover 220 moves; or
a thermal interface 250 adjacent fluid mover 220 and having
a plurality of radial walls 254 defining passages through
which the fluid moved by fluid mover 220 moves.

A portable light 10, 10' may comprise: a housing 20, 20'
defining a cavity for receiving a source of electrical power
therein; and a head 100, 100' connected to housing 20, 20' and
including a light source 240, a reflector 120 and a heat dissi-
pater 200, 200", 200", 200™. Heat dissipater 200, 200', 200",
200" may comprise: heat sink 210, 210', 210", 210™ having a
first side for having a light source 240 thermally coupled
thereto, and having a plurality of walls 211-215 extending
from a second side thereof for defining a cavity and plural
passages in fluid communication with the cavity; and a fluid

10

15

20

25

30

35

40

45

50

55

60

65

16
mover 220 disposed in the cavity of heat sink 210, 210', 210",
210" for selectively causing a fluid to move through the
cavity and the plural passages defined by the walls 211-215 of
heat sink 210, 210', 210", 210™; wherein light source 240 is
disposed adjacent to and thermally coupled to the first side of
heat sink 210, 210", 210", 210™. Portable light 10, 10' may
further comprise: an electronic circuit 400 proximate heat
sink 210, 210, 210", 210™ for controlling electrical power
applied to light source 240; or an electronic circuit 400 proxi-
mate heatsink 210, 210', 210", 210" for controlling operation
of fluid mover 220; or an electronic circuit 400 proximate heat
sink 210, 210, 210", 210™ for controlling electrical power
applied to light source 240 and operation of fluid mover 220.
Electronic circuit 400 may control electrical power applied to
light source 240 or may control operation of fluid mover 220
or may control both responsive to the temperature of light
source 240. Heat sink 210, 210", 210" may comprise a gen-
erally circular base providing the first side for having a light
source 240 coupled thereto, and a plurality of generally cylin-
drical walls 211-215 extending from the base of heat sink 210,
210", 210", 210™, wherein an inner one 211 of cylindrical
walls 211-215 defines the cavity for receiving fluid mover
220, and wherein at least one of cylindrical walls 211-215 has
openings therethrough for defining the plural passages. The
heat sink 210, 210, 210", 210" may comprise a base 216
providing the first side for having the light source 240, 240",
240", 240" coupled thereto, an enclosing wall 211" extend-
ing from base 216 defining a passage and a plurality of gen-
erally radial walls 212" extending from at least the base 216
of'heat sink 210, 210', 210", 210" into the passage defined by
enclosing wall 211" to define one or more of the plural
passages adjacent base 216, and a hollow member 1211
extending therefrom defining a cavity in fluid communication
with the plural passages, wherein hollow member 1211
defines the cavity for receiving fluid mover 220. An articu-
lated connection 300 between heat sink 210, 210', 210", 210™
and hollow member 1211 and a flexible sheath 310 may
enclose the articulated connection and providing a fluid pas-
sage between hollow member 1211 and heat sink 210, 210",
210", 210'". Heat sink 210, 210", 210", 210" may include at
least one heat pipe 270, 280 coupling the first and second
sides thereof. A pivot connector 42 may connect heat dissi-
pater 200, 200, 200", 200" to housing 20, 20', wherein head
100, 100, 100", 100" and housing 20, 20' are in a lantern
configuration. A thermal interface 250 may connect heat dis-
sipater 200, 200',200",200" to housing 20, 20', wherein head
100, 100, 100", 100" and housing 20, 20" are in a flashlight
configuration. Electronic circuit 400 may be disposed on a
circuit board 244 defining a periphery of a given shape and
size, and the heat sink 210,210, 210", 210™ may have a recess
217 in the first side thereof, the recess having a shape and size
corresponding to the given shape and size of the periphery of
said circuit board 244, and the circuit board 244 may be
disposed in the recess 217. Heat sink 210, 210", 210", 210™
may comprise a generally circular base providing the first side
216 for having a light source 240 or heat generating element
240 coupled thereto, and a plurality of generally cylindrical
walls 211-215 extending from the base of said heat sink 210,
210", 210", 210', wherein an inner one 211 of the cylindrical
walls 211-215 defines the cavity 211C for receiving the fluid
mover 220, and wherein at least one 211, 213 of the cylindri-
cal walls 211-215 has openings 2118, 213S therethrough for
defining the plural passages. Heat sink 210, 210", 210", 210™
may include at least one heat pipe 270, 280 coupling the first
and second sides thereof. Heat generating element 240 may
include: at least one light emitting diode 242, 246; or a high
power light emitting diode 242; or an array of light emitting
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diodes 246; or a high power light emitting diode 242 and an
array of light emitting diodes 246. Fluid mover 220 may
include a fan 220 for moving air. Heat dissipater 200, 200,
200", 200" may further comprise: a cover 230 adjacent fluid
mover 220 and having openings 232 therethrough through
which the fluid moved by fluid mover 220 moves; or a thermal
interface 250 adjacent fluid mover 220 and defining passages
through which the fluid moved by fluid mover 220 moves; or
a thermal interface 250 adjacent fluid mover 220 and having
a plurality of radial walls 254 defining passages through
which the fluid moved by fluid mover 220 moves. The por-
table light 10, 10', 10" may further comprise: a pivot connec-
tor for connecting heat dissipater 200, 200', 200", 200™ to the
housing, wherein the head and housing are in a lantern con-
figuration; or a thermal interface 250, 250" for connecting heat
dissipater 200, 200, 200", 200™ to the housing, wherein the
head and housing are in a flashlight configuration; or an
articulated connection connecting heat dissipater 200, 200",
200", 200" to the housing, wherein the head and housing are
in an area light configuration.

A portable heat dissipater 200, 200', 200", 200" may com-
prise: a heat sink 210, 210", 210", 210" having a first side for
having a heat generating element 240 thermally coupled
thereto, and having a plurality of walls 211-215 extending
from a second side thereof for defining a cavity and plural
passages in fluid communication with the cavity; a fluid
mover 220 disposed in the cavity of heat sink 210, 210', 210",
210" for selectively causing a fluid to move through the
cavity and the plural passages defined by the walls 211-215 of
heat sink 210, 210", 210", 210'; and a heat generating element
240 disposed adjacent to and thermally coupled to the first
side ofheat sink 210, 210", 210", 210'. Portable heat dissipater
200, 200, 200", 200" may further comprise: an electronic
circuit 400 proximate heat sink 210, 210", 210", 210" for
controlling electrical power applied to heat generating ele-
ment 240; or an electronic circuit 400 proximate heat sink
210,210,210", 210" for controlling operation of fluid mover
220; or an electronic circuit 400 proximate heat sink 210,
210", 210", 210™ for controlling electrical power applied to
heat generating element 240 and operation of fluid mover
220. Electronic circuit 400 may control electrical power
applied to heat generating element 240 or may control opera-
tion of fluid mover 220 or may control both responsive to the
temperature of heat generating element 240. Heat sink 210,
210", 210", 210" may comprise a generally circular base
providing the first side for having a heat generating element
240 coupled thereto, and a plurality of generally cylindrical
walls 211-215 extending from the base of heat sink 210, 210",
210", 210™, wherein an inner one of said cylindrical walls
211-215 defines the cavity for receiving fluid mover 220, and
wherein at least one of cylindrical walls 211-215 has open-
ings therethrough for defining the plural passages. The heat
sink 210, 210, 210", 210™ may comprise a base 216 provid-
ing the first side for having the light source 240, 240", 240",
240" coupled thereto, an enclosing wall 211" extending from
base 216 defining a passage and a plurality of generally radial
walls 212" extending from at least the base 216 of heat sink
210, 210, 210", 210™ into the passage defined by enclosing
wall 211" to define one or more of the plural passages adja-
cent base 216, and a hollow member 1211 extending there-
from defining a cavity in fluid communication with the plural
passages, wherein hollow member 1211 defines the cavity for
receiving fluid mover 220. An articulated connection 300
between heat sink 210, 210', 210", 210" and hollow member
1211 and a flexible sheath 310 may enclose the articulated
connection and providing a fluid passage between hollow
member 1211 and heat sink 210, 210, 210", 210". Heat sink
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210, 210", 210", 210" may include at least one heat pipe 270,
280 coupling the first and second sides thereof. Electronic
circuit 400 may be disposed on a circuit board 244 defining a
periphery of a given shape and size, and the heat sink 210,
210", 210", 210" may have a recess 217 in the first side
thereof, the recess having a shape and size corresponding to
the given shape and size of the periphery of said circuit board
244, and the circuit board 244 may be disposed in the recess
217. Heat sink 210, 210", 210", 210" may comprise a gener-
ally circular base providing the first side 216 for having a light
source 240 or heat generating element 240 coupled thereto,
and a plurality of generally cylindrical walls 211-215 extend-
ing from the base of said heat sink 210, 210", 210", wherein an
inner one 211 of the cylindrical walls 211-215 defines the
cavity 211C for receiving the fluid mover 220, and wherein at
least one 211, 213 of the cylindrical walls 211-215 has open-
ings 2118, 213S therethrough for defining the plural pas-
sages. Heat sink 210, 210, 210", 210™ may include at least
one heat pipe 270, 280 coupling the first and second sides
thereof. Heat generating element 240 may include: at least
one light emitting diode 242, 246; or a high power light
emitting diode 242; or an array of light emitting diodes 246;
or a high power light emitting diode 242 and an array of light
emitting diodes 246. Fluid mover 220 may include a fan 220
for moving air. Heat dissipater 200, 200', 200", 200" may
further comprise: a cover 230 adjacent fluid mover 220 and
having openings 232 therethrough through which the fluid
moved by fluid mover 220 moves; or a thermal interface 250
adjacent fluid mover 220 and defining passages through
which the fluid moved by fluid mover 220 moves; or a thermal
interface 250 adjacent fluid mover 220 and having a plurality
of radial walls 254 defining passages through which the fluid
moved by fluid mover 220 moves. The portable heat dissi-
pater 200, 200', 200", 200" may further comprise: a housing
defining a cavity for receiving a source of electrical power
therein; and a head connected to the housing and including
heat dissipater 200, 200", 200", 200" and the heat generating
element; and may further comprise: a pivot connector for
connecting heat dissipater 200, 200", 200", 200" to the hous-
ing, wherein the head and housing are in a lantern-like con-
figuration; or a thermal interface 250, 250" for connecting heat
dissipater 200, 200', 200", 200™ to the housing, wherein the
head and housing are in a flashlight-like configuration; or an
articulated connection connecting heat dissipater 200, 200",
200", 200™ to the housing, wherein the head and housing are
in an area light-like configuration.

As used herein, the term “about” means that dimensions,
sizes, formulations, parameters, shapes and other quantities
and characteristics are not and need not be exact, but may be
approximate and/or larger or smaller, as desired, reflecting
tolerances, conversion factors, rounding off, measurement
error and the like, and other factors known to those of skill in
the art. In general, a dimension, size, formulation, parameter,
shape or other quantity or characteristic is “about” or
“approximate” whether or not expressly stated to be such. Itis
noted that embodiments of very different sizes, shapes and
dimensions may employ the described arrangements.

Although terms such as “up,” “down,” “left,” “right,”
“front,” “rear,” “side,” “top,” “bottom,” “forward,” “back-
ward,” “under” and/or “over,” may be used herein as a con-
venience in describing one or more embodiments and/or uses
of the present arrangement, the articles described may be
positioned in any desired orientation and/or may be utilized in
any desired position and/or orientation. Such terms of posi-
tion and/or orientation should be understood as being for
convenience only, and not as limiting of the invention as
claimed.
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Further, what is stated as being “optimum” or “deemed
optimum” may or not be a true optimum condition, but is the
condition deemed to be “optimum™ by virtue of its being
selected in accordance with the decision rules and/or criteria
defined by the applicable controlling function, e.g., for oper-
ating an LED at or near a predetermined temperature at which
is operates efficiently or most efficiently.

While the present invention has been described in terms of
the foregoing example embodiments, variations within the
scope and spirit of the present invention as defined by the
claims following will be apparent to those skilled in the art.
For example, while heat sink 210 is shown has having slots
211S in certain sections of cylindrical wall 211, such slots
may be provided in additional and/or other sections of wall
211 and/or of wall 213, as may be deemed appropriate for
obtaining a desired air flow and thermal characteristics.

Further, openings in cylindrical walls 213, 211 may be
made by drilling or boring radially inwardly through wall 213
and then through wall 211. Still further, while slots 211S are
shown as being in segments of cylindrical wall 211 between
adjacent radial wall segments 212, slots or openings may be
made at or proximate to where a radial wall 212, 214 joins to
a cylindrical wall 211, 213, thereby to form a fluid passage
between one chamber and two adjacent chambers or between
two chambers and two adjacent chambers.

While the preferred direction of flow of cooling fluid, e.g.,
air, through the passages of heat sink 210, 210', 210", 210™ is
through fan 220, 220" into the cavity inside wall 211, 1211
and therefrom radially outward and axially out of heat sink
210,210,210",210™, the cooling fluid may be caused to flow
in the opposite direction if desired.

Heat dissipater 100, 100, 100", 100" may be connected to
housing 20, 20" by different means than illustrated above,
such as by a threaded engagement wherein both the heat
dissipater and the housing have threads thereon arranged for
engaging each other, or in a bayonet base configuration
wherein one has plural radial pins that slip into “L-shaped”
slots of the other similar to a bayonet base lamp. For example,
one of circular walls 211, 13, 215 of heat dissipater 200, 200"
could be extended higher than the others and have threads
thereon that engage corresponding threads on housing 20, 20'.

In addition, the shape and/or location of reflector 110,
including center lens 112 and small lenses 116, may be in a
desired manner, e.g., for providing a spot or a flood of light, or
something in between, and the location thereof may be adjust-
able relative to LEDs 242, 246 so as to provide adjustment of
the shaping of the produced light beam, in any of the lights
described.

While the heat dissipater is described herein in the context
of a portable light, it should be understood that the heat-
generating component or components 242, 246 from which
heat is transferred to heat sink 210, 210', 210", 210" may be
an LED, but may also be any other heat generating component
orelement. Further, heat dissipater 200, 200', 200", 200" may
be connected to a housing in a lantern-like configuration, in a
flashlight-like configuration, or in an area light-like configu-
ration, or in another configuration, as may be desired.

While the example portable lights or devices 10, 10", 10",
10™ described herein may employ a battery or other energy
source, e.g., a fuel cell, a photovoltaic (solar cell) source, and
the like, light or device 10, 10", 10", 10" may also be con-
nected to an external source of power, e.g., by electrical wires.
The external electrical source may be of any type or kind.

Each of the U.S. Provisional Applications, U.S. patent
applications, U.S. patent Publications and/or U.S. patents
identified herein are hereby incorporated herein by reference
in their entirety.
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Finally, numerical values stated are typical or example
values, are not limiting values, and do not preclude substan-
tially larger and/or substantially smaller values. Values in any
given embodiment may be substantially larger and/or may be
substantially smaller than the example or typical values
stated.

What is claimed is:

1. A portable light heat dissipater comprising:

a heat sink having a cylindrical wall wherein a portion of
the cylindrical wall defines a base, the base having first
and second opposing sides, the first side being on the
exterior of the cylindrical wall for having a light source
thermally coupled thereto, and the second side of the
base and the interior of the cylindrical wall having a
plurality of walls extending inwardly therefrom interior
the cylindrical wall for defining a plurality of interior
axial fluid passages therethrough;

an elongated hollow tubular member defining a fluid pas-
sage therethrough;

a pivotable joint supporting said heat sink at a first end of
the elongated hollow tubular member, whereby said heat
sink is pivotable to different orientations relative to said
elongated hollow tubular member;

a flexible sheath between the first end of said elongated
hollow tubular member and said heat sink for defining a
fluid passage between the fluid passage of said elongated
hollow tubular member and the plurality of interior axial
fluid passages of said heat sink;

a fluid mover disposed in the fluid passage of said elon-
gated hollow tubular member near an end thereof remote
from said heat sink for selectively causing a fluid to
move through the fluid passages of said elongated hol-
low tubular member and said flexible sheath and through
the plurality of interior axial fluid passages defined by
the walls of said heat sink; and

a light source disposed adjacent to and thermally coupled
to the first side of the base of said heat sink, whereby said
light source is cooled by fluid moved by said fluid mover
through the fluid passage defined by said elongated hol-
low tubular member, the fluid passage defined by said
flexible sheath and the interior axial fluid passages
defined by said heat sink.

2. The portable light heat dissipater of claim 1 further

comprising:

an electronic circuit coupled to said heat sink for control-
ling electrical power applied to said light source; or

an electronic circuit coupled to said heat sink for control-
ling operation of said fluid mover; or

an electronic circuit coupled to said heat sink for control-
ling electrical power applied to said light source and
operation of said fluid mover.

3. The portable light heat dissipater of claim 2 wherein said
electronic circuit controls electrical power applied to said
light source or controls operation of said fluid mover or con-
trols both responsive to the temperature of said light source.

4. The portable light heat dissipater of claim 2 wherein the
electronic circuit is disposed on a circuit board defining a
periphery of a given shape and size, and wherein said heat
sink has a recess in the first side thereof, the recess having a
shape and size corresponding to the given shape and size of
the periphery of said circuit board, and wherein said circuit
board is disposed in the recess.

5. The portable light heat dissipater of claim 1 wherein said
heat sink includes at least one heat pipe coupling the first side
of'the base thereof and at least one of the plurality of walls of
the second side of the base thereof.
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6. The portable light heat dissipater of claim 1 wherein said
light source comprises:

a high power light emitting diode; or

an array of light emitting diodes; or

a high power light emitting diode and an array of light
emitting diodes.

7. The portable light heat dissipater of claim 1 wherein said

fluid mover includes a fan for moving air.

8. The portable light heat dissipater of claim 1 further
comprising:

a cover adjacent said heat sink and having openings there-
through through which the fluid moved by said fluid
mover moves; or

a cover adjacent said heat sink and having vents through
which the fluid moved by said fluid mover moves,
wherein the vents are downward facing when said heat
sink is at an upward end of said elongated hollow tubular
member.

9. The portable light heat dissipater of claim 1 wherein said
movable joint includes an articulated joint providing at least
two degrees of freedom of movement.

10. The portable light heat dissipater of claim 1 further
comprising:

a source of electrical power at the end of said hollow

tubular member proximate said fluid mover.

11. A portable heat dissipater comprising:

a heat sink having a cylindrical wall wherein a portion of
the cylindrical wall defines a base, the base having first
and second opposing sides, the first side being on the
exterior of the cylindrical wall for having a heat gener-
ating element thermally coupled thereto, and the second
side of the base and the interior of the cylindrical wall
having a plurality of walls extending inwardly therefrom
interior the cylindrical wall for defining a plurality of
interior axial fluid passages therethrough;

an elongated hollow tubular member defining a fluid pas-
sage therethrough;

a pivotable joint supporting said heat sink at a first end of
the elongated hollow tubular member, whereby said heat
sink is pivotable to different orientations relative to said
elongated hollow tubular member;

a flexible sheath between the first end of said elongated
hollow tubular member and said heat sink for defining a
fluid passage between the fluid passage of said elongated
hollow tubular member and the plurality of interior axial
fluid passages of said heat sink;

a fluid mover disposed in the fluid passage of said elon-
gated hollow tubular member near an end thereof remote
from said heat sink for selectively causing a fluid to
move through the fluid passages of said elongated hol-
low tubular member and said flexible sheath and through
the plurality of interior axial fluid passages defined by
the walls of said heat sink; and

a heat generating element disposed adjacent to and ther-
mally coupled to the first side of the base of said heat
sink, whereby said heat generating element is cooled by
fluid moved by said fluid mover through the fluid pas-
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sage defined by said elongated hollow tubular member,
the fluid passage defined by said flexible sheath and the
interior axial fluid passages defined by said heat sink.
12. The portable heat dissipater of claim 11 further com-
5 prising:
an electronic circuit proximate said heat sink for control-
ling electrical power applied to said heat generating
element; or
an electronic circuit proximate said heat sink for control-

10 ling operation of said fluid mover; or
an electronic circuit proximate said heat sink for control-
ling electrical power applied to said heat generating
element and operation of said fluid mover.
s 13 The portable heat dissipater of claim 12 wherein said

electronic circuit controls electrical power applied to said
heat generating element or controls operation of said fluid
mover or controls both responsive to the temperature of said
heat generating element.

14. The portable heat dissipater of claim 12 wherein the
electronic circuit is disposed on a circuit board defining a
periphery of a given shape and size, and wherein said heat
sink has a recess in the first side thereof, the recess having a
shape and size corresponding to the given shape and size of
the periphery of said circuit board, and wherein said circuit
board is disposed in the recess.

15. The portable heat dissipater of claim 11 wherein said
heat sink includes at least one heat pipe coupling the first side
of'the base thereof and at least one of the plurality of walls on
5o the second side of the base thereof.

16. The portable heat dissipater of claim 11 wherein said
heat generating element includes:

at least one light emitting diode; or

a high power light emitting diode; or

an array of light emitting diodes; or

a high power light emitting diode and an array of light
emitting diodes.

17. The portable heat dissipater of claim 11 wherein said

fluid mover includes a fan for moving air.

18. The portable heat dissipater of claim 11 further com-
prising:

a cover adjacent said heat sink and having openings there-
through through which the fluid moved by said fluid
mover moves; or

a cover adjacent said heat sink and having vents through
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» which the fluid moved by said fluid mover moves,
wherein the vents are downward facing when said heat
sink is at an upward end of said elongated hollow tubular
member.

o 19 The portable heat dissipater of claim 11 wherein said

movable joint includes an articulated joint providing at least
two degrees of freedom of movement.

20. The portable heat dissipater of claim 11 further com-
prising:

a source of electrical power at the end of said hollow
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tubular member proximate said fluid mover.
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